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(57) Compounds of the form 

A-G-B-B-J 

wherein A is a polyether or ether substituent, G is a dipeptkle isostere, B an amino acid or analog 
thereof, and J a small terminal group are described. These compounds are useful in the inhibition of HIV 
protease, the prevention or treatment of infection by HIV and the treatment of AIDS, either as 
compounds, pharmaceutrcaUy acceptable salts, pharmaceutical com position ingredients, whether or 
not in combination with other antivirals, immunomodulators, antibiotics or vaccines. Methods of 
treating AIDS and methods of preventing or treating infection by HIV are also described. 
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The present invention Is concerned with compounds which inhibit the protease encoded by human immu- 
nod ficiency virus (HIV). The compounds, or pharmaceutical^ acceptable salts thereof, are of value in th 
prevention of infection by HIV, the treatment of infection by HIV and th treatment of th resulting acquired 
immune deficiency syndrome (AIDS). 

The present invention also relates to pharmaceutical compositions containing the compounds and to a 
method of use of the present compounds and other agents for the treatment of AIDS & viral infection by HfV. 

BACKGROUND OF THE INVENTION 

A retrovirus designated human immunodeficiency virus (HIV) is the etiological agent of the complex dis- 
ease that includes progressive destruction of the immune system (acquired Immune deficiency syndrome; 
AIDS) and degeneration of the central and peripheral nervous system. This virus was previously known as 
LAV, HTLV-III, orARV. A common feature of retrovirus replication is the extensive post-translational processing 
of precursor polyproteins by a virally encoded protease to generate mature viral proteins required for virus as- 
sembly and function. Inhibition of this processing prevents the production of normally infectious vfrus. For ex- 
ample. Kohl, N.E., et a!., Proc. Natl. Acad. Sci. USA, 85, 4686 (1988), demonstrated that genetic inactivation 
of the HIV encoded protease resulted in the production of Immature, non-infectious virus particles. These re- 
sults suggest that inhibition of the HIV protease represents a viable method for the treatment of AIDS and the 
prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of a pd gene In one open reading frame IRatner, L et 
aL, Nature, 313, 277(1 985)]. Amino acid sequence homology provides evidence that t he pd sequence encodes 
reverse transcriptase, an endonuclease and an HfV protease (Toh, H. et al., EMBO J. 4, 1267 (1985)- Power 
M.D. et al., Science, 231, 1567 (1986); Pearl, LH. et al., Nature 329, 351 (1987)]. Applicants demonstrate that 
the compounds of this Invention are inhibitors of HIV protease. 

The particular advantages of the compounds of the present invention are increased bioavailability and low- 
ered toxicity. They are characterized as dipepttde isosteres with a polyet her substituent only on the N-terminus. 

BRIEF DESCRIPTION OF THE INVENTION 

Compounds of formula I, as herein defined, are disclosed. These compounds are useful in the inhibition 
of HIV protease, the prevention of infection by HIV, the treatment of infection by HIV and in the treatment of 
AIDS, either as compounds, pharmaceutical^ acceptable salts, hydrates or esters, pharmaceutical composi- 
tion ingredients, whether or not in combination with other antivirals, Immunomoduiators, antibiotics or vao- 
cines. Methods of treating AIDS, methods of preventing infection by HIV, and methods of treating infection by 
HIV are also disclosed. 



ABBREVIATIONS 



HBT (HOBT or HOBt) 



Activaf-ing A, Sf m t 
1-hydroxybenzotriazole hydrate 



EDC 



Condensing Aggnt 
l-ethyl-3-( 3-dimethylamino- 
propyl)carbodiimide 



IDA 



Peorotonating Ap^r^ 
lithium diisopropylamide 



TBDMSC1 



Other Reagpptff 

t-butyl-dimethylsilylchloride 
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DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 



This invention is concerned with the compounds of Formula I, combinations thereof, r pharmaceutical fy 
acceptable salts thereof, in the inhibition of HIV protease, the prevention of infection by HIV, the treatment of 
infection by HIV and in the treatment of the resulting acquired immune deficiency syndrome (AIDS). Com- 
pounds of formula I are defined as follows: 

A-G-B-B-J I, 

wherein A is 

0 

-S-0[(CH 2 ) m O] n R 

where n » 1-6, m may be 1-3 within each repeating unit n, and R is either hydrogen or d-* alkyf. 
Gis 



wherein Z is O, S, or NH, and 
R 1 is independently 
1) hydrogen 
2) 



H 



Z 
II 



R 1 R 1 



R21 

i 

-c- 

L K J 



3) -OR, wherein Ris H, or d-* alky!, 

4) -NR2, 

5) d-4 alkylene-R 3 ; 

wherein q is 0-5 and R 2 is independently 

a) hydrogen, 

b) hydroxy, or 

c) C w -alkyl; 
R 3 is 

a) hydrogen, 

b) aryl, unsubstrtuted or substituted with one or more of 
0 halo, 

ii) hydroxy, 

iii) -NH 2 , -NO* -NHR, or-NR 2 , 
wherein R is 

H, or d-4 alkyl, 

iv) Chalky!, 

v) d-3 alkoxy, 

vi) -COOR, 
vii) 
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0 

villJ-CHaNRa, 
ix) 



-CH 2 NHCR, 

x)CN, 

xl)CF 3 , 

xtl) 

0 

-NHCR, 

xifi) aryt C,^ alkoxy, 
xfv) aryi, 
xv) -NRSOaR, 

xvO -OP(0)(OFV>2 wherein R, fs H or aryi, benzyl or a metal ion, 
xvii) 

0 

-o-i-c 1 . 4 

alkyl substituted with one or mors of amine or quaternary amine; 
R 3 may also be 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N ? O, and S, such as imkJa- 
zolyl, thiazdyl, furyl, oxazolyl, prperidyl, thiadiazolyt, pipenazinyf, pyridyl, or pyrazinyl, any of which het- 
erocycle may be unsubstrtuted or substituted with one or more of 

i) halo, 

ii) hydroxy, 

iii) -NH 2l -NHR ( -NR 2 , 

iv) C^ alkyl, 

v) alkoxy, 
vl) -COOR, 
vii) 



viiiJ-Cr^NR* 
ix) 



0 
U 

-CNR 2 , 



0 

-nhcIr, 



x) -CN, 

xi) CF 3( 
xiO-NHSOjR, 
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xiii) -0P(0)(0R,J2 wherein R* is H oraryl, or 
xiv) 

0 

alkyt-substftuted with one or more of amine or quaternary amine; 
xv) SR, S(0)R and S{0£&; 
d) C,_e alkyl or alkenyi, unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C w alkyl, 
HO -NH 2 ,-NHR, -NR 2 , 
iv) 

r 

-NHCH, 

20 V ) 

r 

-NH-C-NH 2 , 

25 

vi) -COOH, 
vii) 



10 



15 



viil) -SR,S(0)R and SfO^R, 

ix) ^SpjNHR, 

x) alkyl sulfonyl amino oraryl suffonyl amino, 

xi) -CONHR, 
xii) 

• ? 

-NHCR, 

xiii) -OR, 

xiv) aryl C,^ aikoxy or, 

xv) aryl; 

e) Cj_7 cycloalkyl unsubstituted or substituted with one or more of 
i) hydroxy, 
iQC^ alkyl. 
iii)-NH 2l -NHR, -NHR 2 , 
iv) 



55 



V) 



5 
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NH 
(I 

-NH-C-NH 2 , 

vi) -COOH, 

vii) 

0 

-S-OR, 

viii) -SR,S(0)R and S(O^R 

ix) -SOaNHz, 

x) alky! sulfbnylamlno or aryl sulfbnylamlno, 

xi) -CONHR, or 
xli) 

0 

a 

-HHCR; 

0 a 5- to 7-membered carbocycfic or 7- to 10-membered bicyclic carbocyclic ring which is either saturated 
or unsaturated, such as cyclopentane, cyclohexane, indan, norbornane, or naphthalene, the carbocyclic 
ring being unsubstituted or substituted with one or more of 

i) halo 

ii) -OR, wherein RisHor alkyf. 

iii) 



-COR, 

Iv) 

0 
(f 

-CNR 2 , 

v) -CH 2 NR 2 , 

vi) -S02NR 2 or -S(0)y R wherein y is 0,1 or 2, 

vii) -NR2, 
viii) 

-NHCR, 

ix) C^alkyl, 

x) phenyl, 
xl) -CF 3 , or R 
xiQ -N-SOzR; 

R 9 is -OH or -NHR 10 , wheren R 10 is -H, 

? 

-CH. 



6 



EP 0 528 661 A2 



■C^- alky! or -COOR; and 
Qis 



5 




NHR 10 NHR 10 



or V. 



w 



■OH 



10 



20 



wherein R' and R'° are defined above; Xt is O, S. or NH; and 
Wis 

1) OH. 

2) NH 2 

3) OR, or 

4) NHR; 

B is, independently, absent, or 



Jis 

1)YR« wherein: 

YisOor NH, and 
R«is 

a) H; 

b) C,_e alkyl, unsubstituted or substituted with one or more of 
0-NR* 2) 

ii) -OR, 

ifl)-NHS02C w alkyl, 

iv) -NHSO2 aryl, or -NHSOj (dialkylaminoaryl), 

v) -CH 2 OR, 

vi) C w alkyl, 
vii) 



Z 




0 
if 



46 



-COR, 



viii) 



0 

ti 



55 
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x) 



xi) 



xil) 



- NH v^NR 2 ; -NH\JNR 2 , 



NH N 
\ 



CN 



0 
K 

-HHCR, 



-NS0 2 CH 3 , 



xiii) -NR 3 ©A e wherein A e is a counterion, 

xiv) -NRi2Ri»wherein R 1 «and R« are the same ordifferentand are Chalky! joined togetherdirectly 
to form a 5-7 membered heterocyde, 

xv) aryl, 
xvl) -CHO, 

xviQ -OPfOXOR^ wherein R x is H or aryl, or 
xviii) 



0 
H 

-0-C-C2_ 4 

alky! substituted with one or more of amine or quaternary amine; 
c) -(CH2CH 2 0) fl CH3 or -{CH 2 CH 2 0) n H; 

3) -NR 12 R« wherein R« and R 13 are defined above, or 
4) 



wherein: 

Y, R 11 , and q are defined above, and 
R"ls 



-c- 
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a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or aJkyl, 

iii) 

0 
H 

-COR, 

iv) 

0 

li 

-CNR 2 , 

v) -CH 2 NR 2l 
vO-SOaNRi, 
viO -NR2 
viii) 

0 

-nhcSr, 

bc)C w alkyl t 
x) phenyl, 

xii) 

R 

-N-S0 2 R. 

xiiO -C^aHcyi-NR* 

xiv) -OPPXOR,^ wherein R* is H or aryl, or 
xv) 



0 
W 

-0-C-C 1 _ 4 , 

alkyl substituted with one or more of amine or quaternary amine; 
c) heterocyde, unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein RisH, alkyi, or alkenyl, 
iii) 



-COR, 

iv) 
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0 

II 

v) -CH 2 NR 2 , 

vii)-NR 2f 
viii) 

0 

-NHCR, 

ix) C^ alkyl, 

x) phenyl, 

xJi) 

R 
I 

-N-S0 2 R, 

xiii) phenyl alkyt, 
xlv) 

0 

-O^R, 

xv) -OP(0)(OI%j2 wherein R* is H or aryl, or 
XVi) 



0 

alkyl substituted with one or more of amine or quaternary amine; 
d) A5- to 7-membered carbocydic or 7- to 1 0-membered bicyclic carbocydic ring which is either satu- 
rated or unsaturated, such as cydopentane, cydohexane, indan, norbornane or naphthalene, the car- 
bocydic ring being unsubstrtuted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or alkyl, 

iii) 

V 

0 
If 

-COR, 



• 0 

-CWR 2 , 

v)-CH 2 NR 2 , 
viJ-SQzNRz, 
vii)-NR 2 , 
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vilf) 

0 

ixJC^alkyl, 

x) phenyl, 

xi) -CF* 
10 xii) 

R 

15 

xiii) -OP(0){ORJ 2 wherein R* is H or aryi, or 
xiv) 

0 

20 J| 

alkyl substituted with one or more of amine or quaternary amine; 
or pharmaceutical^ acceptable salts, hydrates or esters thereof. 
25 In the compounds of the present invention, the A, G, B and J components and the like may have asym- 
metric centers and occur as racemates, racemic mixtures and as Individual diastereomers or enantbmers, with 
all isomeric forms being included in the present invention. 

When any variable (e.g., aryi, heterocyde, R, R» R« R", R12 n , Z, eta) occurs more than one time in 
any constituent or in formula I, its definition on each occurrence is independent of its definition at every other 
30 occurrence. Also, combinations of substftuents and/or variables are permissible only if such combinations re- 
sult in stable compounds. 

As used herein except where noted, "alkyl" is intended to include both branched- and straight-chain satu- 
rated aliphatic hydrocarbon groups having the specified number of carbon atoms (Me is methyl, Et is ethyl, 
Pr is propyl, Bu is butyl); "alkoxy* represents an alkyi group of indicated number of carbon atoms attached 
35 through an oxygen bridge. "Alkenyi" is intended to Include hydrocarbon claims of either a straight or branched 
conf iguratfon and one or more unsaturated carbon-carbon bonds which may occur in any stable point along 
the chain, such as ethenyl, propenyl, butenyl, pentenyl, and the like. "Halo", as used herein, means fluoro, 
chloro, bromo and iodo; and "counterion" is used to represent a small, single negatively-charged species, such 
as chloride, bromide, hydroxide, acetate, trifluroacetate, perchlorate, nitrate, benzoate, maleate, tartrate, hem- 
40 tartrate, benzene sulfonate, and the like. 

As used herein, with exceptions as noted, "aryi" is intended to mean phenyl (Ph) or naphthyf. *Carbocyclic" 
is intended to mean any stable 5- to 7-membered carbon ring or 7- to 1 0-membered b icy die carbon ring, any 
of which may be saturated or partially unsaturated. 

The term heterocyde or heterocyclic, as used herein except where noted, represents a stable 5- to 7-mem- 
bered mono- or bicyclic or stable 7- to 10-membered bicyciic heterocyclic ring which is either saturated or un- 
saturated, and which consists of carbon atoms and from one to three heteroatoms selected from the group 
consisting of N, O and S, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized, and 
the nitrogen heteroatom may optionally be quaternized, and Including any bicyclic group in which any of the 
above-defined heterocyclic rings is fused to a benzene ring. The heterocyclic ring may be attached at any het- 
eroatom or carbon atom which results In the creation of a stable structure. Examples of such heterocyclic ele- 
ments include piperidinyl, piperazinyf, 2-oxoprperazinyl, 2-oxopiperidfnyt, 2-oxopyrrolodinyl, 2-oxoazepinyt, 
azepinyi, pyrrolyl, 4-piperidcnyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, Imidazolyl, Imidazoline, imidazolldinyl, 
pyridyl, pyrazinyl, pyrimidlnyl, pyridazlnyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazofidinyf, morpholinyl, thia- 
zolyl, thiazolidinyl, isothiazolyf, quinuclkJinyl, isothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyi, 
thiadiazoyl, benzopyranyl, benzocthiopyranyl, benzothiazolyl, benzoxazdyl, fury!, tetrahydrofuryl, tetrahydro- 
pyranyl, thienyl, b nzothienyl, thiamorpholinyl, thiamorphdinyl sulfoxide, thiamorphoiinyi sulfone, and oxadia- 
zolyl. Morpholino is the same as morpholinyl. 

The pharmaceutically-acceptabl salts of the compounds of Formula I (in the form of water- or H-soluble 

11 



EP O 528 661 A2 



or dispersible products) include the conventional non-toxic salts or th quaternary ammonium salts of these 
compounds, which are formed, e.g., from inorganic or organic acids or bases. Examples of such acid addition 
salts include acetate, adipate, alginate, aspartate, b nzoate, benzenesulfonate, btsulfate, butyrate, citrat , 
camphorate, camphorsulfbnate, cydopentanepropronate, digluconate, dodecytsulfate, ethanesulfonate, fu- 
marate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobro- 
mide, hydroiodide, 2-hydroxyethanesuIfonate, lactate, maleate, methanesulfonate, 2-naphthalenesulfonate, 
nicotlnate, oxalate, pamoate, pectinate, pereulfete, 3-phenylpropionate, picrate, pivalate, propionate, succin- 
ate, tartrate, thiocyanate, tosylate, and undecanoate. Base salts include ammonium salts, alkali metal salts 
such as sodium and potassium salts, alkaline earth metal salts such as calcium and magnesium salts, salts 
with organic bases such as dicyciohexylamine salts, N-methyl-D-glucamine, and salts with amino acids such 
as arginlne, lysine, and so forth. Also, the basic nitrogen-containing groups may be quaternteed with such 
agents as lower alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides and iodides; dialkyl 
sulfates like dimethyl, diethyl, dibutyl; and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl 
and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and phenethyl bromides and others. 
Esters are also encompassed by the present Invention, and include those which would readily occur to the 
skilled artisan, for example, C 1m4 alkyl esters. 
In a preferred embodiment of this invention, 
Ais 



-C0[(CH 2 ) 2 0] n CH 3t nol-4; 

and 

G is 



NH 




R 1 5 1 



A second embodiment is further limited to compounds wherein 
G is 



oh R 1 



R 1 O 

and B is absent or present once. 

A third embodiment is further limited to compounds wherein B is absent, J isNHR 14 and R 14 is a substituted 
5- to 7-membered carbocyclic or heterocyclic ring or a substituted 7- to 10-membered blcyclic carbocycle or 
h terocyd which may be saturated or unsaturated. 

A fourth embodiment is further limited to compounds wherein J is indan, substituted once or twice with OK 

N vel compounds of the inv ntlon include, but are not limited to: 
^2(R)-hydraxy^1(SHndany^ 
thyl-6-phenylhexanamid , 
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N-(2(F^hydraxH(SHnd^ 

prop-2- n-1-yl)-6-phenylhexanamide, 

N-(2{R)-riydrax)M(S)-inc^ 

nylhexanamlde, 

N-(2(F^hydraxy-1(SHrxJanyl)-5(SH3.6^toxahep 
rtylhexanamide, 

^2(R)-hydrc^1(SHntenyl>-^^ 
hexanamide, 

N-(2(R>-hydraxy-1(S^^ 

en-1-yl)-6-phenylhe)(anamide f 

^(2(R)-hydroxy-1(S)-indanyl)-5(SH3,6^ioxah 

1-yI)-6-phenylhexanamide, 

^2(R)-hydroxy-1(SHnten^ 

6-phenylhexanamide, 

r^(2-benzimidazolyliTwtn^ 

prop-2-en-1-yf)hexanoyl isoleucylamkle, 

N-[(cis)-2(R>rr^rQxy-1^^ 

nyimethyi)]hexanamlde, 

N'-p-hydraxyethoxy)c^ 

isoleucine-(2-benzimidazolylmethyI)amide t 

N-[(cis)-2{R>-hydroxy.1(SHn^ 

nylprop-2-en-1 -yl)hexanamide, 

N-(2(R)-hydrt^1(SHndanyI>5(S}^^^ 

(4-hydroxyphenyI)methylhexanarnlde, 

N-(2(R>-hydroxy-1(SHndanyl)^SH(3-hydrox^ 

propanyi]hexanamide, 

l^(2{R)-hydroxy-1($Hnda 

nylprcp-2-en-1-yf]hexanamide, or 

^2(R}-hydraxH<SHndany^ 

2(R)-phenylmethyl-6-phenylhexanajnide, or pharmaceutical^ acceptable salt or ester therof. 
The most preferred compound of this invention is: 

Compound A: 




N-{2(R)-hydiioxH (S)-indany^^ 
thyl-6-phenylhexanamide; 

The compounds of the present invention are prepared in accordance with Schemes MIL In general, once 
the G substituent is made, the rest of the synthesis follows the principle of amide bond formation by the cou- 
pling methods of either solution-phase or solid-phase peptide synthesis. The addition and removal of one or 
more protecting groups is aJso typical practice. 

Amide couplings for synthesizing compounds of this invention are typically performed by the carbodiimide 
method with reagents such as dicyclohexylcaibodiimide, or 1-ethyi-3-{3-dimethylaminopropyl) carbodiimide. 
Other methods of forming the amide or peptide bond include, but are not limited to synthetic routes via an 
acid chloride, azide, mixed anhydride or activated ester. Typically, solution phase amide couplings are per- 
formed, but solid-phase synthesis by classical Merrifield techniques may be mployed instead. 

Some schemes for preparing compounds of formula I are presented below. The examples specifically il- 
lustrate th applicati nofth foil wing schemes to specific compounds. Additional related information on syn- 
thetic background is contained in EPO 0337714. 

One scheme for the preparation of the k y interm diates involved in this invention is as follows: 
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SCHEME I 



10 



16 



BocNH- 



LDA/H-C=C-COOEt BOCNH 




OOEt 



20 



25 



30 



35 



BocNH 



o— f° 



1. H^/catalyst 

2. H* 



o— f° 

, l da for BOCNH\^^ 



E' 



1. LIOK/DMB 

2. TBDMSCI/lnidHZole 



TBDM3 



» b 1 . H-B-B-J 

EDC/HDBT 
2. BU 4 N*F" 




OH ?b 



BocNH- 




•B-B-J 



40 



wherein R 1 a and R 1 b are each independently R 1 . 

Carbamates which comprise the current invention are prepared according to the following Scheme: 



45 



so 



55 
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oh a? 



roagonc A or B 



triet hylanina 




Reagents A and B for generating the carbamates are prepared by the reaction of the appropriate alcohol 
with p-nitrophenyl chloroformate or sequentially with phosgene (or triphosgene) and N-hydroxy succinimide 
according to the reactions: 




er±«t hylarrliw 

Reagent A 



O 

2) R 15 OH ♦ COCl 2 pyrldln ° ROCC1 N-hydrcxy ,ucclninid» 
. trlethylarrlno 




Reagent B 



wherein R« is HO[{CH2) m O] n and R 17 Js hydrogen, C,^ alkyl or an alcohol protecting group such as benzyl, 
trial kysiyl. 

Alternatively, several of the key intermediates in the synthesis of the compounds disclosed in this inven- 
tion are prepared by the following reaction: 
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SCHEME ITT 




BocNH- 



R 1 O 

a 



wherein R«Br is representative of any alkylating agent, as within the definition of Ri. 

Additional schemes and methods of synthesis are found in EPO 0,337,714. Other relevant publications 
are U.S. Patent 4,661,473; Evans, B.E. et al. v J. Org. Chera 50, 4615 (1985); Luly, J.R. et aL, ibid., 52, 1487 
(1987). 

The compounds of the present Invention are useful in the inhibition of HIV protease, the prevention or treat- 
ment of infection by the human immunodeficiency virus (HIV) and the treatment of consequent pathological 
conditions such as AIDS. Treating AIDS or preventing or treating infection by HIV is defined as including, but 
not limited to, treating a wide range of states of HIV infection: AIDS, ARC (AIDS related complex), both symp- 
tomatic and asymtomatfc, and actual or potential exposure to HIV. For example, the compounds of this inven- 
tion are useful in treating infection by HIV after suspected past exposure to HIV by e.g., blood transfusion, ac- 
cidental needle stick, or exposure to patient blood during surgery. 

For these purposes, the compounds of the present invention may be administered orally, parenteraliy (in- 
cluding subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion techniques), by 
inhalation spray, or rectally, In dosage unit formulations containing conventional non-toxic pharmaceutically- 
acceptable carriers, adjuvants and vehicles. 

Thus, in accordance with the present invention there is further provided a method of treating and a phar- 
maceutical composition for treating HIV infection and AIDS. The treatment involves administering to a patient 
in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a therapeut- 
tealfy-effective amount of a compound of the present invention, or a pharmaceutlcally-acceptable salt thereof. 

These pharmaceutical compositions may be in the form of oralry-adminrstrable suspensions or tablets; 
nasal sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous susperv 
sions or suppositories. 

When administered orally as a suspension, these compositions are prepared according to techniques well- 
known in the art of pharmaceutical formulation and may contain macrocrystalline cellulose for imparting bulk, 
aiginic acid or sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and sweet- 
nere/flavoring agents known in the art As immediate release tablets, these compositions may contain micro- 
crystalline cellulose, dicalcium phosphate, starch, magnesium stearate and lactose and/or other excipients, 
binders, extenders, disintegrate, diluents and lubricants known in the art 

When administered by nasal aerosol or inhalation, these comDositions are prepared sccordin n to techno 
ques well-known in the art of pharmaceutical formulation and may be prepared as solutions in saline, employ- 
ing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavaiabiity, flourocar- 
bons, and/or other solubilizing or dispersing agents known in the art 

The injectable solutions or suspensions may be formulated according to known art, using suitable non- 
toxic, parenterally-acceptable diluents or solvents, such as mannrtol, 1 ,3-butanediol, water, Ringer's solution 
or isotonic sodium chloride solution, or suitable dispersing or wetting and suspending agents, such as sterile, 
Wand, fixed oils, including synthetic mono= or diglycerides, and fatty acids, including oleic acid. 

When rectally administered In the form of suppositories, these compositions may be prepared by mixing 
the drug with a suitable non-irritating exdpient, such as cocoa butter, synthetic glyceride esters or polyethy- 
lene glycols, which ar solid at ordinary temperatures, but llquidif y and/or dissolve in the rectal cavity to release 
the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatm nt or prevention 
of the ab ve-indicated conditions, with oral doses two-to-five times high r. For example, infection by HIV is 
effectively treated by th administration of from 10 to 50 milligrams of th compound per kilogram of body 
weight from on to three times per day. It will be understood, however, that th specific dose level and fre- 
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quency of dosage for any particular patient may be varied and will d pend upon a variety of factors Including 
the activity of the specific compound employ d.them tabolicstablltyand length of acti n ft hat compound, 
the ag f the patient, body weight, general health, sex, diet, mod and time of administration, rate of excretion, 
drug combination, the severity of the particular condition, and th host underg ing therapy. 

The present invention is also directed to combinations of the HIV protease-inhibitory compounds with one 
or more agents useful in the treatment of AIDS. 

For example, the compounds of this invention can be given in combination with the antivirals, immuno- 
modulaters, antibiotics or vaccines or other derivative forms thereof as listed in the following Table [source:* 
Marketletter. Nov. 30. 1987, pp. 26-27; Genetic Engineering News , Jan. 1 988, Vol. 8, 23J: 

TABLE 1 

A. Airtxvjrajlg 

Prvg Name Manufacturer indication 

AL-721 Ethigen ARC, PGL 



BETASERON Triton Biosciences AIDS, ARC, KS 

(interferon beta) 

CARRISYN Carrington Labs ARC 

(polymannoacetate) 

CYTOVENE Syntex CMV 

(ganciclovir) 

DDC Hoffmann-La Roche AIDS , ARC 

(dideoxycytidine) 

ddl Bristol-Myers AIDS, ARC 

(dideoxyinosine) 



Abbreviations: AIDS (Acquired Immune Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Human Immunodeficiency Virus, 
previously known as LAV, HTLV-III or ARV) ; KS (Kaposi's 
sarcoma); PCP (Pneumonocystis carinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
lymphadenopathy) . 



17 



EP 0 528 661 A2 



Prug flams 

FOSCARNET 
(trisodium 
phosphonof o rmat e ) 



Manufacture 
Astra AB 



Indication 
HIV inf , CMV 
retinitis 



HPA-23 



Rhone-Poulenc Sante HIV infection 



ORNIDYL 

(ef lornithine) 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RETICULOSE 
(nucleophospho- 
protein) 



Advanced Viral 
Research 



AIDS, ARC 



RETROVIR 
advanced 
(zidovudine; 
AZT) 



Burroughs Wellcome AIDS, 



ARC 

pediatric 
AIDS, 

KS , asympt 
HIV, 

less severe 
HIV, 

neurological 
involvement . 
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Drug Name 

RIFABUTIN 
(ansamycin LM 427) 

(trimetrexate) 

UA001 

VIRAZOLE 
(ribavirin) 

WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



B. Immunomodulatory 



B> 0 528 661 A2 

Manufacturer 
Adria Labs 

Warner-Lambert 

Viratek/ICN 
Burroughs Wellcome 
Burroughs Wellcome 



Indication 
ARC 



PCP 



AIDS, ARC, KS 



KS, HIV, in comb 
with AZT 

AIDS, ARC, in 
comb with 
AZT 



Ueno Fine Chem AIDS, ARC 

Industry 



Dnift Name 

ABPP 

KS 

(bropirimine) 



Upjohn 



Indication 
Advanced AIDS, 



AMPLIGEN 
(mismatched RNA) 



DuPont 

HEM Research 



ARC, PGL 



(Anti-human alpha Advanced Biotherapy AIDS, ARC, KS 
int e rf e r on Cone ept s 

antibody) 
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Colony Stimulating 
Factor (GM-CSF) 

CL246,738 
(CL246,738) 

IMREG-1 



IMREG-2 



IMDTHIOL 
(diethyl dithio 
carbamate) 

Drug Name 
IL-2 

(interleukin-2) 
IL-2 

(interleukin-2) 
INTRON-A 

(interferon alfa) 

ISOPRINOSINE 
(inosine pranobex) 

(methionine 
enkephalin) 



Sandoz Genetics 
Institute 

American Cynamid 

Imreg 

Imreg 

Merieux Institute 



Manufacturer 
Cetus 

Hoffmann-La Roche 
Immunex 

Schering-Plough 
Newport 

Pharmaceuticals 
TNI 

Pharmaceuticals 



AIDS, ARC, HIV, 
KS 

.AIDS 



AIDS, ARC, PGL, 
KS 

AIDS , ARC, PGL, 
* KS 

AIDS, ARC 



Indication 
AIDS, KS 



AIDS, KS 



KS 

ARC, PGL, HIV 
seropositive 

* - - — — — — 

AIDS, ARC 
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MTP-PE 

(muramyl-tripep- 
tide) 



Ciba-Geigy 



KS 



10 



15 



20 



25 



30 



THYMOPENTIN (TP- 5) 
(thymic compound) 

ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 



TREXAN 
(naltrexone) 

TNF (tumor 

necrosis factor) 



Ortho 

Pha rmac eu t i c a 1 s 
Hoffmann-La Roche 



Ortho 

Pharmaceuticals 



DuPont 



Genentech 



HIV infection 



KS 



severe anemia 
assoc with AIDS 
L AZT 
therapy 
AIDS, ARC 



ARC, in 
combination 
interferon gamma 



35 



40 



C. Antibiotics 



Drug Name 
PENTAM 300 
(pentamidine 
isethionate) 



Manufacturer 
LyphoMed 



Indication 
PCP 



45 



50 



D. Vaccines 

Any one of a variety of AIDS or HIV vaccines presently understudy and development can be used in com- 
bination with the compounds of this Invention or salt or derivative forms thereof, in the treatment or prevention 
of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of t he compounds of this invention with AIDS antivirals, 
immunomodulators, antibiotics or vaccines is not limited to the list in the above Table, but includes In principle 
any combination with any pharmaceutical composition useful for the treatment of AIDS. 



55 
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EXAMPLE 1 

N-(2{R)-hydrox3M(SHndanyQ-5(S)-(3,6 f 9 > 12-t traoxatndecytoxycarto^ 

methyl-6-phenylhexanamide 

Step A: N-(1 ,3,6,9,12,1 5-hexoxa-2-oxohexadecyl)succinimlde 

Tetraethylene glycol monomethyl ether (4.16 g) was added to a stirred solution of phosgene (12.5%) in 
toluene (80 ml). After four hours excess phosgene was blown out of the reaction mixture into a sodiumhydroxide 
aqueous ethanol scrubbing solution using argon gas. The reaction mixture was concentrated in vacuo. The 
resulting oil residue was dissolved in acetonitrile (50 ml) and to this solution was added N-hydroxy succinlmfde 
(2.85 g) and triethyl amine (3.4 ml). After stirring for 30 minutes the reaction mixture was filtered to remove a 
white solid and the f itrate was concentrated in vacuo. The resulting semi-solid residue was partitioned between 
ethyl acetate and 10% citric acid solution. The organic phase was separated, washed with water then brine, 
dried (MgS0 4 ), filtered and concentrated in vacuo to 5.67 g of the title compound as an ol. 
'H NMR (CDCW: 5 2.84 (s, 4H); 3.38 (s, 3H); 3.55 (m. 2H); 3.65 (m, 10H); 3.80 (t ( 2H); 4.48 (t, 2H). 

Step B: Preparation of 3(S H(1.1-Dimethylethoxycart>onyl)a^ 

butane ' 



To a stirred suspension of magnesium turnings (9.79 g, 403 mmol) in dry diethyl ether (200 ml) under ni- 
trogen was added chloromethyltrimethyisilane (50 ml, 358 mmol). The reaction was initiated by gentle warming 
and then was cooled in an ice bath to maintain gentle reflux. After the exotherm was complete the reaction 
was stirred at room temperature for 1 hour then cooled to 78*C in a dry ice/acetone bath. To the solution of 
the Grignard was added dropwise with stirring a solution of N-2(S)-[(1,1-dimethylethoxycart>onyl)amino]-3- 
phenyl propionaldehyde (19.3 g, 77.4 mmol) in dry diethyl ether (250 ml) dropwise such that the temperature 
of t he reaction remained below -55°C. The resultant gray suspension was allowed to warm to room temperature 
where it was stirred for 30 minutes then was quenched by pouring into a mixture of ice (500 g) and 10% citric 
acid (500 ml). The organic phase was collected and the aqueous phase was extracted with diethyl ether (3X300 
ml). The combined organics were washed with 10% citric acid (1X300 ml) and brine (1X200 ml), dried over 
anhydrous magnesium sulfate, filtered, and concentrated to give crude 3(S)-[(1,1-dimethylethoxycarbo- 
nyl)am!no]-2(RS)-hydroxy-4-phenyl-1.trimethylsilyl butane (26.6 g, quantitative crude yield) as a yellow ol, an 
analytical sample was obtained by low pressure chromatography (silica gel, 230-400 mesh; diethyl 
ethenhexanes, 30%:70%) followed by recrystallization from heptane, mp = 91-95°C; 

elemental analysis, calcd. for C 18 H 31 N0 3 Si (337.53): 

C, 64.05; H, 9.26; N, 4.15; 
Found: C, 64,15; H, 9.13; N, 4.22; [a] D 20 - -40.0' 

Step C: Preparation of 3(S)-Amino-4-phenyM-butene 

To a stirred solution of the product of Step S (22.8 g, 67.5 mrncl) in dry methylene chloride (400 rn!) cooled 
in an ice bath and under nitrogen was added in a fine stream boron trifluoride etherate (43 ml, 345 mmol). The 
solution was allowed to warm to room temperature where it was stirred for 4 days. Reaction was cooled in an 
Ice bath and quenched by the dropwise addition to 10% sodium hydroxide (400 ml). The organic phase was 
collected and the aqueous phase was extracted with methylene chloride (2X250 ml). The combined organics 
were washed with brine (1X200 ml), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give crude 3<S)-amino-4-phenyM-butene (14.2 g) as a yellow on. 

Step D: Preparation of N-3(S)-[(1,1-Dimethylethoxycarbonyf)amino]-4-phertyf-1-butene 

A solution f the product of Step C (14^2 g) and dl-tert-buM dicarbonate (31.0g f 142 mmol) in dry methy- 
lene chloride (200 ml) was stirred at room temperature for 18 hours, washed with 10% citric acid (3X100 ml), 
water (1X100 ml), sat'd. sodium bicarbonate (3X125 ml), and brine (1X250 ml), dried over anhydrous magne^ 
sium sulfate, filtered, and concentrated to yield crude N-3(SH(1.1-dimethyIethoxycarbonyf)aminoH-phenyI- 
buten (34.6 g) as a yellow o3. Crud product wa purified by low pressure chromatography (silica gel, 230- 
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400 mesh, 10x20 cm column; diethyl etherhexanes, 20%:80%) to yield N-3(S)-[(1 f 1-dimethylethoxycarbo- 
nyf)aminoH-phenyf-1-buten (1 6.3 g, 97.6% yield) as a white solid. An analytical sample was obtained by re- 
crystaiJization from heptane, mp - 67.5-68.5°C; 

5 

elemental analysis, calcd. for C 15 H 2 iN0 2 (247.34): 

C t 72.84; H, 8.56; N, 5.66; 
Found: C, 72.78; H f 8.76; N, 5.64. 

10 

Step E: Preparation of 1(RH1'(SH1,1-Dimethylethoxycarbo 

To a solution of the product of Step D (9.4 g, 38 mmol) in dry methylene chloride (100 ml) cooled in an ice 
bath and under nitrogen was added 3-chloroperoxybenzoic acid (technical grade, 80-85%; 41 g, -200 mmol). 

16 The mixture was stirred at 0°C for 18 hours and at 25 ft C for 23 hours., then diluted with diethyl ether (300 ml), 
and poured in ice cold aq. 10% sodium sulfite (1 L). The organic layer was collected and the aqueous layer 
was extracted with diethyl ether (3X100 ml). The combined organics were washed with 10% sodium sulfate 
(3 x 100 ml), satU sodium bicarbonate (3X100 ml), and brine (1x100 ml), dried over anhyd. sodium sulfate, 
filtered and concentrated to give a white solid. Crude product was purified by low pressure chromatography 

20 (silica gel 230-400 mesh, 8 X 15 cm column; ethyl acetaterhexanes, 25%:75%) to yield 1 (RH1'(SH1.1-dime- 
thylethoxycart>onyl)amino-2-phenylethyI]oxirane (7.0g, 70% yield) as a clear oil which crystallized upon stand- 
ing. An analytical sample was obtained by recrystallizatlon from heptane, mp = 51 .5-52°C; elemental analysis, 
calcd. for C 15 H 21 NQ3 (263.34): 

* C, 68.42; H t 8.04; N, 5.32; 

Found: C, 68.22; H, 8.26; N, 5,29; [a] D 20 = -1.34*. 

Ste P F: Preparation of (5S, 1'S)-3-carboethoxy^5-(1-(1 ,1-dimethylethoxycarbonyl)amino)-2-phenylethyl)-di- 
30 hydrofuran-2-(3H)-one — 

The product from Step E, 9.93 g, was dissolved in 100 mL of absolute ethanol and added to a solution of 
2.6g of sodium and 20.1 mL of diethyl malonate in 1 70 mL of absolute ethanol. After stirring overnight, the 
reaction was acidified to pH~4 with 10% citric acid and extracted with 2X 500 mL of ether. The combined or- 
35 ganic extracts were washed 1X500 mL H 2 0, 1X500 mL saf d NaHCO a , 1X500 mL saf d brine and dried over 
MgS0 4 . The solvents were removed and the crude product purified by low pressure chromatography on silica 
gel eluting with 50% ether/hexanes (or EtOAc/hexane). The yield of semi-solid product was 10.6g. The later 
fractions contained 2.5 g of the undesired 5R isomer as a white solid. 

40 Step G: Preparation of (5S, 1'S)-3^canboethoxy-3:phenylrnethy^ 
2-phenylethyl)dihydrofuran-2-(3H)-one 

The product of Step F, 10.6 g, was dissolved in 100 mLof abs. ethanol containing 3.7 mL of benzyl bromide 
and added to a solution of 0.71 g of sodium in 100 mLof absolute ethanol. The solution was heated to 50°C 
45 for 1 .5 hours, then cooled in an ice bath and acidified with 500 mLof 10% citric acid. The mixture was extracted 
3X500 mLof ether and the combined ether extracts washed with 400 mLof H 2 O p 400 mLof brine, dried (MgS0 4 ) 
and t he solvent removed under reduced pressure to give 1 3.6 g of a clear colorless oil which was essentially 
homogeneous by TLC (25% ethyl acetate/hexanes). 

50 Step H: Preparation of (3R, 5S, I'Sj-S-Benzyl-^HCI.I-dirnethylethoxycarbonyOamino^-phenylethyl^d^ 
hydrofuran-2-(3H)-one 

The product of Step G, 13.6 g, was dissolved in 250 mL of 1 ,2-dimet hoxy ethane, and to it was added 117 
mL of 1 M lithium hydroxide at room temperature. After stirring for 12 hours, the solvents were removed under 
reduced pressure, the residu suspend d in 200 mLof 10% citric acid and extracted 3X500 mL of diethyl ether. 
Th combined ether extract w re washed with 500 mL of brine, dried (MgSO^ and concentrated to dryness. 
The residue was dissolved in 250 mL of toluene, heated to reflux for 12 hours, then concentrated to dryness 
under reduced pressure. Purification by medium pressure chromatography over silica gel, eluting with 15% 
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ethyl acetate/hexanes gave 3.2 g of the 3R-lactone as a clear loam. Further lutlon with the same solvents 
gave 6.1 5 g of the 3S-lactone as a white solid. 

Step I: Preparation of N'-(1 ,1 -dimethyleth xycarbonyiy5(S)-amino-4(S)-(1'.1 '-dimet hylethyM ,1 -dimethvlsi- 
5 lyloxy)-6-phenyi-2(R)^(phenylmethyi>-hexanoic acid 

(3R.5S ,1 'S)-3-Benzyl-5-(1 -((1 ,1 -<Jimet hylethoxycarbon yl)amino)-2-phenylethyl)dihydrofuran-2-(3H)-on 
e f 0.5g, was dissolved in 30 mL of a 2:1 mixture of ethylene glycol dimethyl ether/water, and to it was added 
5 mL of 1 M I ithium hydroxide at room temperature. After stirring for 1 hour, the solvent was removed in vacuo 

10 and the residue partitioned between 20 mL chloroform and 20 mL 10% citric acid. The layers were separated 
and the aqueous phase extracted wit h 3X 20 mL chloroform. The combined organic layers were dried (NaaSO^ 
and the solvent removed to yield 0.46 g of the crude hydroxy acid. This residue was dissolved in 5 mL of dry 
DMF and 0.845 g tert-butyl dimethytsilyl chloride and 0.725 g of imidazole were added. After strring for 18 
hours, the reaction was poured into 50 mL of water and extracted with 3X20 mLof ethyl acetate. The combined 

15 organic extracts were washed with 3 X 20 mL of 1 0% citric acid, 1 X 20 mL of water, 3 X 1 0 mL of saturated 
aqueous solution of Na 2 C0 3 , and 20 mL of brine. After drying (I^SO^, the solvent was removed and the re- 
sulting residue dissolved in a mixture of 5 mLof THF, 5 mLof glacial acetic acid, and 2 mL of water. The mixture 
was stirred for 4 hours, then poured into 50 mLof water and extracted with 3 X 20 mLof ether. The combined 
ether extracts were washed with 2 X 20 mL of water, brine, dried (IMaaSOJ, and the solvent removed. Purifi- 

20 cation by medium pressure chromatography over silica gel, eluting wit h MeOH/CHCI 3 gave 0.53 g of the prod- 
uct as a white solid. 

Step J: Resolution of 1-amino-2-hydroxyindane. 

25 The known racemate of the title compound was resolved via the diastereomeric phenylalanine amides, ac- 
cording to the method of Rittle, et al. (Tetrahedron Letters 28,521 (1987). Saponification of the less polar 
amide gave 1(S)-amino-2(R)hydroxyindane (oq = -58°, c=1.0, chloroform). 

Step K: Preparation of N-2(R)-hydrcxy-1(S)-indanyl5(SH^^ 
30 methyiethyl-1,1^imethylsilyloxy)-6-phenyl-2(R)-(pheny»methy0hexanamide 

A sample of 5(SH1.1^iniethylethoxycarbonyl ainirK>-4(SH1^1'^imethylethyr-1 f 1-dimethylsilyloxy)6- 
phenyl-2(RHphenylmethyi)hexanoic acid (700 mg, 1.33 mmol) prepared as described in Step 1 , was dissolved 
in 2.5 mL of dry DMF. HOBT (197 mg, 1.46 mmol) and EDC (280 mg, 1.46 mmol) were added. The mixture 
35 was stirred for 5 minutes and 200 mg of 1 (S)-amino-2(R)-hydroxyindane (1 .34 mmol) was added followed by 
0.41 mL of triethylamine (2.9 mmol). After 24 hours the product was partitioned between ethyl acetate and 
10% citric acid. The organic phase was washed with brine and dried (Na2S0 4 ). The solvent was evaporated 
and the residue was chromatographed on silica gel (2% methanol/chloroform). There was obtained from this 
process 0.86 g of the desired product as an oil (98%). 

40 

Step L Preparation of N-2(R)-hydroxy-1(SHndanyl-5(SH1^ 
phenyl-2(RHphenylmethyl)hexanamIde 

The product of Step K was dissolved in 5 mLof inn ietrabutyiammoniurn fluoride. After 48 hours the reaction 
45 mixture was poured into 10% citric acid and the precipitated product was isolated by filtration. The solid was 
dissolved In a mixture of THF and ethyl acetate, washed with water and brine, and evaporated to yield the 0.68 
g of the title compound. 

Step M: Preparation of N-2(R)-hydroxy-1(S)-lndanyl-5(S>-amino-4(S)-hydroxy-6-phenyt-2(RHphenyl me- 
50 thyQhexanamide 

The product of Step Lwas dissolved in a mixture of 200 mL methylene chloride and 50 mLtrifluoroacetic 
acid. After 30 minutes the s Ivents wer evaporated and the residue was dissolved in ethyl acetate. This sol- 
ution was washed with 10% NaHCQ, and brin , dried and evaporated. The solid residue was triturated with 
55 ether to give 0.42 g of the desired compound as a white solid. 
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Step N: NH2(R)-hydroxY-1(S)-1ndanyl)-5^^ 
phenyimethy)-S-phenyihexanamid 

To a suspension of N^2(R)-hydroxy-1(SHndanyl)^(S)^ 
thyl)-hexanoic amide (1.147 g f 2.58 mmol) in methylene chloride was added 0.36 mL triethylamine (2.6 mmol) 
and 946 mg (2.7 mmol) of N-1 ,3,6,9,12,1 5-hexoxa-2-oxo-hexadecyl-succinimide. The mixture was stirred 
overnight, diluted with methylene chloride and the solution washed sequentially with 10% citric acid, 5% 
NH4OH and brine. The solution was dried and evaporated and the residue was chroma tographed on silica gel 
eluting with 1-2% MeOH in chloroform. The product (0.95 g) was obtained as a solid by trituration with ether, 
m.p. 148-150°C. Analysis. 

Calc. for CjgE^Q^O^: 

C, 67.24; H, 7.42; N, 4.13. 
Found; C, 67.07; H, 7.23; N, 4.07. 

EXAMPLE 2 

NH2(R)-hydroxy-1(SHndany0-5(S)^ 
nylprop-2-en-1 -yf)-6-phenylhexanamide 

Step A: Preparation of N-2(R)-hydroxy-1(SHndanyl)-5(S)^ 
2-en-1-yj)hexanamide 

The title compound was prepared by the methods described in Example 1, Steps B-M, substituting cin- 
namyt bromide for the benzyl bromide employed in Step G. 

Step B: Tetraethylene glyoolmonomethyl ether (146 mg, 0.70 mmol) was dissolved in 2 mL THF with 121 
mg p-nitrophenyl chloroformate and 0.84 mL (0.60 mmol) triethylamine was added. After 30 minutes 100 
mg (0.21 mmol) of the product of Step A dissolved in 2 mL 1:1 THF/DMF and 0.54 mL triethylamine were 
added. After stirring 48 hours 1 00 mL water was added. After 24 hours the mixture was partitioned be- 
tween ethyl acetate and 5% ammonium hydroxide. The organic layer was washed with water and brine and 
dried. Evaporation of the solvent gave a yellow solid which, was chromatographed on silica with metha- 
nol/ chloroform. 

The title compound (58 mg) was obtained pure by ether trituration. Analysis Calc. for C^HqNA: 

C t 68.16; H, 7.44; N, 3.97. 
Found: C, 68.09; H, 7.76; N, 4.03. 

EXAMPLES 3-8 

By the methods described in example 1 and example 2 and employing the appropriate alcohol in place of 
tetraethylene glyoolmonomethyl ether, also were prepared: 

N-(2(R^hydroxy-1(SHnda 
5-phenylhexanamide. Analysis Calc for C^H^^Og: 

C, 68.12; H t 7.30; N,. 4.41. 
Found: C, 68.17; H, 7.26; N, 4.39. 

N-(2(R)-hydroxy-1(S>.indanyl)-5(S)-(3 ? 6 t -dioxaheptylQX ycarbonylamino)-4(S)-hydroxy-2(R).pheriylmethyl-6- 
ph nylhexanamide. Analysis Calc. for C34H42N2O7: 
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C, 69.13; H ( 7.17; N, 4.74. 
Found: C, 69.03; H, 7.07; N, 4.77. 

N-(2(R)-rydrt^1^^^^ 

hexanamide. Analysis Calc. for CoHss^Oe: 

C, 70.31; H, 7.01; N, 5.12. 
Found: C, 70.42; H, 6.86; N, 5.08. 

r+(2(R)-hydit»cy-1(SHr^ 

eny1)-6-phenyfhexanaintde, Analysis Calc. for C^H^Os: 

C f 69.07; E, 7.32; N, 4,24. 
Found: C,. 69.23; H, 7.66; N, 4.35. 

N-(2(r^hydraxy-1(SHndar^ 
1-yt)-&-phenyihexanamide. Analysis Calc. for C^H^N^: 

C, 70,11; H, 7.19; N, 4.54. 
Found: C, 70.02; H, 7.24; N t 4.58. 

*H2(R)-hydraxy-1(S)-irKta 

6-phenylhexanamlde. Analysis Calc. for C^H^jOe: 

C, 71.31; H, 7.04; N, 4.89. 
Found: C, 71.54; H, 7,14; N, 4.94." 

EXAMPLE 9 

Preparation of N-(2-benzimidazolymethyl)-5(SH3. 6, 9-trioxadecylQxycarbon^amino)-4(S)--hydrx)xy-6--phe- 
riyl-2(R)-(3-phenylprop-2-erM-yl)hexanoyl isoleucyl amide 

Step A: Preparation of N-(1,lKiimetMethoxycarbonyl)isoleucyl(succinfrnide 

A 15 g (0.065 mole) quantity of Boc-isoleucine, 8.2 g of N-hydroxysuccinimlde, and 13.7 g of EDC were 
dissolved in 80 mL of DMF. After siirring at 25*C for i 8 hours, ihe solution was added to 500 mL of water and 
extracted with 3 x 200 mL of et hyl acetate. The organic layers were combined, washed with 4 x 200 mL portions 
of water, 200 mL of brine, and dried (Na^O*). Filtration and concentration in vacuo gave 20.2 g (95%) of Step 
A product, mp 62-64°C. 

Step B; Preparation of N-g-benzimMazoiy^ amide 

The product of Step A, 4.6 g (14 mmol), was dissolved in 70 mL of 1,2-dimethoxyethane, and to it were 
added 5.9 g (28 mmol) of 2-aminomethyt-beruimidazole dihydrochloride and 7.8 mL(56 mmol) of triethylamine. 
After stirring at 25°C for 18 hours, the solvent was removed jn vacuo and the residue was dissolved fn 250 
mL of ethyl acetat . This solution was washed with 3 x 1 00 mL portions of water, 1 00 mL of brine, and dried 
(NaaSO*). Filtration and concentration in vacu . gave 4.4 g (87%) of Step B product, after chromatography on 
silica gel (CH 2 CI 2 :CH30H, 95:5). 
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Step C: Preparation of N-(2-benzimldazolylmethyl)isoleucyf amide 

The product of Step B, 2 g (5.6 mmoJ), was dissolved in 50 ml of thyl acetate and cooled to -25°C. Hy- 
drogen chloride gas bubbled into the solution for 0.75 hour or until TLC indicated compl te reaction. Nitrogen 
was bubbled into the reaction as it was left to warm to ambient temperature . Concentration in vacuo gave 1 .6 
(86%) of Step C product 

Step D: Preparation of NK2-benzimidazolymethyl)-5(SH1 J-drmethyteth(«ycartx)nylaminoH(S)-hydroxy^ 
phenyl-2(RH3-phenylprop-2-en-1-yl)hexanoyl isoleucyl amide 

The 5(SH1 . 1^imettylethoxy<*rtx>ny)amta^ hex. 
anoic acid as an intermediate in Example 2 was coupled to the product of Step C using the conditions of Ex- 
ample 1 , Step K. 

Step E: Preparation of N-(2-benzimidazoJymethyl)^S hydroxy- 
6-phenyl-2(RH3-phBnylprop-2-en-1-yl)hexanoyl isoleucyl amide 

The product of Step D was converted by the method of Example 1 , Step M and Example 2. Step B to the 
title compound, mp 164-166 Anal. Calcd for C^HsTHjOe-O.S H 2 0: C, 66:13; H, 7.49; N, 8:97 Found C, 66.12- 
H, 7.44; N. 8.90. 

EXAMPLE 10 

Preparation of N-(2(R)-hydroxy-1(S)-fndanyl)-5(SH^^ 
nyl-2-(RHphenylmethyl)>hexanamide 

Step A: Preparation of 2K1^r-dimethylethy^-1,1-dipheny1silyloxy)ethoxy p-nitrophenyl carbonate 

To a solution of 2'(1 M'-dimethyiethyM ,1-diphenylsily1oxy)ethanol (544 ing) and N-methylmorpholine (202 
mg) in 30 mL methylene chloride was added 403 mg p-nitrophenyf chloroformate. After 16 hours at room tem- 
perature, the mixture was shaken with 10% citric acid and the organic layer was dried and evaporated. The 
resulting oil was treated with hexane to precipitate p-nitrophenol and the filtrate was evaporated to give the 
desired product containing 30% unreacted alcohol. This was used without purification in the next step. 

Step B: Preparation of N-(2(R)-hydroxy-1(SHndanyl)-5(^ 
Joxy)ethoxycarbonyl)aminoH(S)-hydr^ 

To a solution of 95 mg of N-(2(R)-hydroxy-1(SHndanyl)-5^ 
hydroxy-6-phenyl-2-(R)-(phenyImethyl)]hexanamide in 6 ml of methylene chloride at 0°C was added 2 ml of 
trifluoroaceticackJ. After 3 hours, the reaction was evaporated to dryness and the crude residue dissolved in 
3 ml of DMF and 0.2 mi of triethylamine. A solution of 150 mg of the compound form step A in 2 ml of DMF 
was added and the reaction stirred at room temperature for 18 hours after which time it was concentrated to 
dryness and purified (2 mm SK>2 prep plate, 5% MeOH/CHCIg) to afford the product 

Step C: Preparation of N-(2(R)-hydroxy-1(S)-indanyl^ 
6-phenyi-2-(R)-(phenylmethyl)>hexanamide 

The product from step B above was dissolved in 4 ml of THF and 1 ml of a 1 M solution of tetrabutylammo- 
nium fluoride was added. After 2 hours at room temperature, the reaction was diluted with 25 ml of water, ex- 
tracted with ethyl acetate followed by methylene chloride and the organics were combined, dried, filtered and 
concentrated to a yellow solid. The residue was chromatographed (2 mm SiCfe prep plate, 5% MeOH/CHCIa) 
to afford the product m.p. 181-1 83°C. 
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EXAMPLE 11 

The preparation of NM(2'hydraxyethoxy)carbonyl^(S)-amino^(S)-hydroxy^ph nyt-2(R)-(3-phenylprot>- 
3en-1-y1)hexanoyfrNMsoIeucine(2-benzrmidaz^ 

In the same manner as described in example 10, 5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(3-pheny!prop- 
2-en-1-yl)hexanoylJ-N-isGleucine (2-benzimida2olymethyl)amide (prepared In Example 9) was reacted with [2r 
(l^'-diirothylethyM.l^iphenylsil^ to yield N'-SfSJ-P-fll'.l'-dime- 

thylethyM ,1-diphenylsilylox^ 

hexanoylJ-N-isoleucine(2-ben2imidazolyfmethyl)amide. This compound was desilylated as described in Exam- 
ple 9 Step C to yield N'-[<(2-hydraxyethoxy)<^ 

2Hjn-1-yt)hexarK>yi]-N-iso^ m.p. 202-204°C. 

EXAMPLE 12 

Preparation of N-I(ds)-2(R)-hydrc^-1(S)-indanyt)-5(SH(2-hydfax^ 
phenyl-2-(RH3-pheriylprop-2-en-1-yl)hexanamide 

Step A : Preparation of 2-(t-buty1dtmethytsilyjoxy)ethytsucclnlmid-1-yj carbonate 

2-(t-Butyldimethylsilyloxy)ethanol {17.3 g) was dissolved in 200 mL methylene chloride, cooled to -40°C 
and 9.9 g triphosgene was added. A solution of 8.0 mL pyridine in 50 mL methylene chloride was added drop- 
wise. The cooling bath was removed and the mixture was stirred for 2 hours at room temperature. After cooling 
to -5°C a solution of 12.4 g N-hydroxysucclnimide and 15 mL triethyiamine in 120 mL acetonitrie was added 
dropwise. The cooling bath was removed, the mixture was allowed to warm to room temperature and concen- 
trated in vacuo. The residue was partitioned between ethyl acetate and 10% citric add. The organic phase 
was dried and evaporated and the residue was chromatographed on silica gel to give the title compounds as 
a white solid. 'H NMR (CDd 3 ): $ 4.39 {2H, t), 3.90 (2H, t) f 2.82 (4H, s), 0.90 (9H ( s), 0.10 <6H, s). 

Step B: Preparation of N-(2(R)-hydroxy-1(S)-indan 
6-phenyl-2-(R)-(3-phenylprop-2-en-1-yl)hexanamide 

The product of Step A (270 mg) was combined with N-(2(R)-hydrc>xy-1(S)-lndanyl)-5(S)-amlno-4(S)-hy- 
droxy-6-phenyl-2-{R)-(3-pheny1prop-2-en-1-yl)hexanamide (400 mg, prepared in Example 2) in methylene 
chloride and 120 nL triethyiamine was added. After stirring overnight the solution was washed with 10% citric 
acid, dried and evaporated. The crude product was desilylated as described in Example 1 p Step L to give the 
title compound, mp; 21 8.5-21 9,2°C. Anal. Calcd for C 33 H3aN 2 0 6 : 

C, 70.93; H f 6.86; N, 5.02. 
Found: C, 71.09; H, 7.00; N, 4.99. 



EXAMPLE 13 



Preparation of N-(2(R)-hydroxy-1(SHndanyl)-5(SH3,6^ 
droxy-6-phenyl-2(R)-(4-hydroxyphenyl)methylhexaneamide 

The known compound (see EPO 0,337,714 A2) N-(2(R)-hydroxy-1(SHndany^^ 
cartony!anmno)-4<S)-hydroxy-6-p^ was converted to the title 

compound using the methods described in Examples 1 and 2. Anal. Calcd for C36H 5 oN20 1 oC32H 2 0: 

C, 64.95; H, 7.30; N ( 3.99. 
Found: C, 64.96; H, 7.22; N, 3.99. 
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EXAMPLE 14 

Preparation of N-[2*(R)-hydroxy-1 (S)-indanyl>5(S)-[(3-hydroxy)propoxycarfaonyQ^ 
nyl-2(R)-(3-phenylpropyl)hexanamide 

5 

Step A: Preparation of H^-(benzy)oxy)pro poxy carbon y)oxy]pyrro] id irh2,5-dione 

To a stirred solution of phosgene in toluene (10 ml of 12.5% commercial solution) at 0°C, was added 1.05 
g of (6.3 mmoJ) 3-benzyfoxy-1-propanoL The resulting solution was stirred at 0 to 23°Cfor24 hours. After this 

10 period, nitrogen was bubbled through for 15 minutes to remove excess of phosgene. The mixture was then 
evaporated to dryness under reduced pressure. The oily residue was dissolved in anhydrous acetonitrile (25 
ml), cooled to 0°C and 950 mg (8 mmol) of N-hydroxy succinimfde, followed by 1.5 ml of triethylamine were 
added to this solution. The resulting mixture was then stirred at 0°C to room temperature for 2 hours. The re- 
action was quenched with 10 ml of saturated sodium bicarbonate solution and extracted with ethyl acetate 

15 (2x). The combined extracts were dried over anhydrous sodium sulfate and concentrated in vacuo . The residue 
was chromatographed over silica gel with 50% ethyl acetate in hexane to afford 2.0 g of title carbonate as a 
colorless oil. 

Step B: Preparation of N-P(R)-hydroxy-1(SHndanyl^5(SH(3-hydroxy^ 
20 droxy-6-pheny<-2(R)-[3-pheny1propanyl]hexanamide 

H3-(Benzyloxy)propoxycsutx)nyloxy]pyrrolidin-2^dione 0.388 g, was dissolved in 5 mL of dry methylene 
chloride, 0.4 g of N'-(2(R)-hydrQxy-1(S)-indanyt)-5(S)-amino^ 

1-yl)methylhexanamide (obtained in Example 2) was added. Triethylamine was added to the stirring solution 
25 until the pH was 8.5. After stirring for 12 hours at room temperature, the reaction was poured into 5 mL of water 
and extracted with 3x1 5 mL of ethyl acetate. The combined organic extracts are washed with 1 0% citric acid, 
water, saturated aqeuous NaHCQs solution and dried over anhydrous Na^SO*. Evaporation of the solvent gave 
a residue which was chromatographed over silica gel (5% methanot/chlorofbrm) to afford 0.49 g of carbamate 
derivative as a white solid. This product (.03 g) was dissolved in 3:1 ethyl acetate/methanol (5 ml) and the re- 
30 suiting solution was hydrogenated over 1 0% Pd-C (1 5 mg) under balloon pressure at room temperature for 1 2 
hours. After this period, the solution was filtered and evaporated to give a residue which was chromatographed 
over silica gel (50% ethyl acetate/hexane) to furnish 0.02 g of the title compound as a white solid, mp 177°- 
180°C. 

35 EXAMPLE 15 

Preparation of N-g(R)-hydroxy-1(SHndanyfr5(SH(^m^^ 
nyl-2(R)-(3-phenylprop-2-en-1-yi]hexanamlde 

40 The title compound, mp 173°-175°C, was prepared using 3-methoxypropan-l-ol, and N-(2(R)hydroxy- 
1(S)-indany1}-5(S)-amino^(S)-riyd^ prepared in Ex- 

ample 2, in the method of Example 1 , Steps A and N. 

EXAMPLE 16 

45 

hH2(R)-hydroxy-1(SHndanyl)-5(SH13»13^ime 
droxy-2(R)^phenylmethyl-6-pheny1hexanamide 

Step A: Preparation of 13,13-dirnethyl-3 l 6 > 9,12-tetraoxatetradecanol 

so 

Tetraethyiene glycol (1 0 g) was dissolved in 85 mLt-butanol and 4.5 mL c sulfuric acid was added dropwise 
with stirring. After 3 days a solution of 7.2 g NaOH in 1 50 mL methanol, was added, the suspension was slurried 
with Celite and filtered. The filtrate was evaporated and the solid residue was extracted with ether. The ether 
solution was dri d and evaporated. Three materials were detected by TLC (1 0% MeOH/CHCI 3 R^ 0.33, starting 
55 material; 0.48, title compound; 0.67, bis-t-butyi eth rof starting material). The desired component was isolated 
by silica gel chromatography with 1-2% MeOH/CHCI 3 . 
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Step B: Preparation of N-(2(R>-hydroxy-1(S)-lndan^ 
carbonylamino)-4(S)-hydraxy-2(R)-ph nylmethyl-6-phenylhexanamide 

The product of Step A was converted to the succinimidyl carbonate as described in Examp! 12, Step A. 
5 This reagent was used as described in Example 1 ( Step N to prepare the title compound, mp 1 50.3-1 51 .5. Anal 
CalcdforC^Hs^NaOs: 

C, 68.31; H, 7.83; N, 3.89. 
10 Found: C, 68.30; H ( 7.99; N, 3.90. 

EXAMPLE 17 

Assay for Inhibition of Microbial Expressed Viral Protease 

15 

Inhibition studies of the reaction of the protease expressed in Eschericia coli wit h a peptide substrate [Val- 
Ser-Gln^Asn-(betanapthyl)Ala-Pro-lle-Val ( 0.5 mg/mL at the time the reaction is initiated] were in 50 mM Na 
acetate, pH 5.5, at 30°C for 1 hour. Nferious concentrations of inhibitor in 1.0 ul DMAO were added to 25 ul of 
the peptide solution in water. The reaction is initiated by the addition of 15 ul of 0.33 nM protease (0.11 ng) in 

20 a solution of 0.133 M Na acetate pH 5.5 and 0.26% bovine serum albumin. The reaction was quenched with 
160 ul of 5% phosphoric acid. Products of the reaction were separated by HPLC (VYDAC wide pore 5 cm C- 
18 reverse phase, acetonitrile gradient, 0.1% phosphoric acid). The extent of inhibition of the reaction was de- 
termined from the peak heights of the products. HPLC of the products, independently synthesized, proved 
quantitation standards and confirmation of the product composition. Compound Ashowed an IC50 value about 

25 5nM. 

While the foregoing specification teaches the principles of the present invention, with examples provided 
for the purpose of illustration, it wBI be understood that the practice of the invention encompasses all of the 
usual variations, adaptations, or modifications, as come within the scope of the following claims and Hs equiv- 
alents. 

30 

Claims 

1. A compound of the formula: 

35 A-G-B-B-J I, 

wherein A is 



-C-0[(CH 2 > n 0] n R 

where n = 1-6, m may be 1-3 within each repeating unit n, and R is either hydrogen or alkyl. 
Gis 



H Z 
I II 




wherein Z is 0, S, or NH, and 
R 1 is ind pendently 
55 1) hydrogen 

2) 
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15 



20 



30 



35 



45 



50 



- -C- -R 3 , 



a*. 



3) -OR. wherein R is H, or alkyl, 

4) -NR 2 , 

5) alkylene-R* wherein q is 0-5 and R 2 is independently 
10 a) hydrogen, 

b) hydroxy, or 

c) C^-alkyl; 

R*is 

a) hydrogen, 

b) aryl, unsubstituted or substituted with one or mote of 

i) halo, 

ii) hydroxy, 

iii) -NHj ( -N0 2 , -NHR, or -NR* wherein R is H, or alkyl, 
tyC^ alkyl, 



v) C^alkoxy, 

vi) -COOR, 
vii) 



0 
0 

-CNR 2 > 



viii) -CHjNRz, 
ix) 



0 
H 



-CH 2 NHCR f 



x) CN, 

xi) CF„ 
xii) 

-NHCR, 

xiii) aryf afkoxy, 

xiv) aryl, 

xv) -NRS0 2 R, 

xvi) -OPtOXOR^ wherein R* is H or aryl, benzyl or a metal ion, 
xvii) 



alkyl substituted with on or more of amine or quaternary amine; 
R 3 may also be 

c) 5 or 6 membered h terocycle including up to 3 heteroatoms selected from N, 0, and S, any of which 
heterocycle may be unsubstituted or substituted with one or more of 



31 



EP 0 528 661 A2 



i) halo, 

II) hydroxy, 

iii) -NHa. -NHR, -NR* 

tyC^altyl, 

v)Ct^ alkoxy, 

vO-COOR. 

vil) 

0 
if 

-CNR 2 , 

viii) -ChkNR* 
ix) 



0 

If 

-NHCR» 



x) -CN, 

xi) CF 3? 

xil) -NHSOjR, 

xRi) -OP(0)(Oiy 2 wherein R* is H or aryl, or 
xfv) 

0 

Jl 

alkyi substituted with one or more of amine or quaternary amine; 
xv) SR, S(0)Rand S(Oa)R; 
d) alkyl or aJkenyi, unsubstituted or substituted wfth one or more of 
i) hydroxy, 
if) C,^ alkyl, 
ill) -NH 2> -NHR,-NR 2i 
iv) 



-NHCH» 



v) 



-NH-C-NH 2 , 

vi) -COOH. 

vii) 



-COR, 

viii) -SR,S(0)Rand S(0) 2 R, 

ix) -Sp2NHR ( 

x) C,_4 alkyl sulfonyf amino or aryl sutfonyl amino, 
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xi)-CONHR, 

xii) 



-NHCR, 



xih) -OR, 

xiv) aryl alkoxy or, 

xv) aryl; 

e) C^r cydoalkyl unsubstituted or substituted with one or more of 
i) hydroxy, 
ft) C« alkyl, 
iii) -NH2, -NHR, -NHR 2> 
iv) 



viiO -SR,S(0)R and SfOJR 

ix) -SOiNHa, 

x) alkyl sulfortyiamino or aryl sulfonylamino, 

xi) -CONHR, or 
xii) 



f) a 5- to 7-membered carbocydic or 7- to 1 0-membered bicycfic carbocydic ring which is either satu- 
rated or unsaturated, the carbocydic ring being unsubstituted or substituted with one or more of 

i) halo 

ii) -OR, wherein R is H or C^ alkyl, 
iii) 





vi)-COOH, 
vii) 



0 

t 

-C-OR, 



-NHCR; 



-COR, 
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0 
If 

-CNR 2 » 

v) -CH 2 NR 2 , 

vi) -SOjNRz or -S(0)y R wherein y is 0,1 or 2, 

vii) -NR 2l 
vili) 



-NHCR, 



ixJC^aikyl, 
x) phenyl, 
xQ-CFfrOr 
xil) 



R 
I 

-N-so 2 R; 



Rfl is -OH or -NHR 10 , wherein R™ is -H, 



0 
II 

-CH. 



■C H - alkyl or -COO R; and 
Qis 



H ? 1 R 1 X 1 

0H NHR 1 °* NHR 10 W 



wherein R 1 and R 10 are defined above; X 1 is O, S, or NH; and 
Wis 
1) OH, 
2JNHJ, 

3) OR, or 

4) NHR; 

B is, independently, absent, or 



-NH 
J is 
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1)YR" wherein: 

YlsOorNH.and 
R«ia 

a) H; 

b) C,^ alkyl, unsubstituted or substituted with one or more of 

i) -NR» 2> 

ii) -OR. 

iiO-NHSQzC,^ alkyl. 

rv) -NHS0 2 aryi, or-NHS02 (dialkylaminoaryl), 

vJ-CHjOR. 

vl)C,_» alkyl, 

vii) 

0 

II 

-COR, 



viii) 



fx) 



x) 



xi) 



xli) 



0 
(I 

-CNR 2 , 



-NH\^/NR 2 ; -NH\^NR 2 , 



NH N 
\ 



CN 



-NHCR, 



-NS0 2 CH 3 , 



xfii> -NR3®A e wherein A© is a counterion, 

xiv) -NR12R13 wherein R« and R« are the sam or different and are alkyl joined together 
directly to form a 5-7 membered heterocycfe, 

xv) aryl, 
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xvi) -CHO, 

xviQ -OP(0){ORx)2 wherein R* is H or aryl, or 
xviii) 



atkyt substituted with one or more of amine or quaterany amine; 



c) -(CHaCHjO^CHa or^CHaCHjO^H; 

2) -N(Rii) 2f 

3) -NR 12 R U wherein R 12 and R 13 are defined above, or 
4) 



wherein: 

Y, R 11 , and q are defined above, and 
R"is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or alkyf, 

iii) 



0 
ft 

-0-C-Ci_4 




0 
li 



-COR, 




v) -CH2NR2, 

vO-SQaNR* 
vii) -NR2, 
viii) 




ix) 0,-4 alkyl, 

x) phenyl, 
x|)-CF 3l 
xii) 
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xili) -C^alkyl-NR* 

xlv) -OP(O)(0Fy 2 wherein R* is H or aryl, or 
xv) 



0 




alKyl substituted with one or more of amine or quaternary amine; 
c) heterocyde, unsubstituted or substituted with one or mora of 

i) halo, 

ii) -OR, wherein R Is H, C,^ alkyl. or alkenyl, 

Hi) 



-COR, 



»v) 



0 
If 

-CNR 2 , 



v) -CH 2 NR 2 , 

vi) -S0 2 NR 2 . 

vii) -NR 2 , 
viii) 



0 

-NHCR, 



ix) C^ alkyl, 

x) phenyl, 
xO-CFa, 
Xii) 



R 



-N-S0 2 R, 



xiiQ phenyl alkyl, 
xlv) 



0 




xv) -OP(0)(OR x ) 2 wherein R* is H or aryl, or 
xvi) 
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-o-c-c 1-4 



alkyl substituted with one or more of amine or quaternary amine; 
d) A 5- to 7-membered carbocyclic or 7- to 10-membered bicyclic carbocyclic ring which is either satu- 
rated or unsaturated, the carbocyclic ring being unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or alkyl, 

iii) 



0 

-COR, 



rv) 



0 






ix) alkyl, 

x) phenyl, 
xO-CFa; 
xii) 



R 



-N-S0 2 R. 



xiii) -OP(0)(OR x ) 2 wherein RJs H or aryl, or 
xiv) 



-O-C-Cj^ 



alkyl substituted with one or more of amine or quaternary amine; 
or pharmaceutlcally acceptable salts, hydrates or esters thereof. 



A compound according to Claim 1, wherein: 
Ats 



-CO[(CH 2 ) 2 0] n CH 3 , 
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n=1-4; and 
Gis 



O 



R 1 R 1 



3. A compound according to Claim 2, wherein: 
Ate 



0 

-C0[(CH 2 >20] n CH 3 , 



n=1-4; 

Gis 



OH R 1 



R 1 



and 

B is absent or present once. 

4. A compound according to Claim 3 V wherein: 
A is 




J 



0[(CH 2 ) 2 0] n CH 3> 



n=1-4; 

Gis 



OH R 1 




R 1 O 
B is absent; 

J is NHR 14 and R 14 is a substituted 5- to 7-membered carbocyclic or heterocyclic ring or a substi- 
tuted 7- to 10-membered bicydic carbocycle or heterocycle which may be saturated or unsaturated. 

5. A compound according to Claim 4 wherein 

J is indan, substituted once or twice with OH. 

6. The compound, 
N-(2(R)-roriroxy-1(S)-irK]a^ 
nylmethyl-6-phenyl-hexanamide, 
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N^2<R)-hydraxy-1(SHndanyl^ 

nylprop-2-en- 1 -yl)-6-hexanamid , 

N-(2(r^hydroxy-1(SHrKiar^ 

6-phenylhexanamid , 

N-(2<R)-riydrcx^1(S>^ 

6-phenylhexanamide, 

N-(2(l^hydraxH(SHndan^ 

nyfhexanamide, 

N-(2(R)-hydraxy-1(S>-^ 

2-eiv1-yl)-6-phenylhexanamid6, 

N-(2(R>-hydroxy-1(S)-irKlanyl>-5(SH3,6KJtoxate 

2-en-1-yt)-6-pheny]hexanamide l 

N-(2(RHiydroxy-1<SHrdariy^ 

1-yl>-6-phenylhexanamlde f 

N-(2-berizimidazolylmethy^^ 

nytprop-2-en-1-yt)hexanoyl isoleucytamide, 

N-[(ds)-2(R)-hydiT>xy-1(SH^ 

(pheny1methyl)]hexanamide f 

N'^-hydroxyethGxy)caib<tt^ 

N-lsoJeucine-(2-ben2imidazolylmethyl)amide, 

N4(ds)-2(R}-hydraxy-1(S^ 

(3-phenylprop-2-en-1-yl)hexanamide, 

N-(2(R)-hydfoxy-1(S)Hrite 

2(R>(4-hydroxyphenyi)methy1hexanamide, 

N-{2(R>hydroxy-1(S)nrKia^ 

nylpropanyljriexanamide, 

N-(2(R)-hydraxy-1(S)-lnte 

pheny1prop-2-en-1-yl]hexan amide, or 

N-(2(R)-hydro>cy-1(SHnda^ 

hydroxy-2(R)-pheny]methyl-6-phenylhexanamide ( 

or pharmaceutically acceptable salt or ester therof. 

7. The compound 

N-(2(R^hydraxy-1(S)-irKlanyl)-5(S)-(3 ( 6 ( 9J2-tetraoxatriadec^ 

nylmet hyl-6-pheny Ihexanamide , 

or pharmaceutically acceptable salt or ester therof. 

8- A pharmaceutical composition comprising a compound as in any of Claims 1-7 and a pharmaceutically 
acceptable carrier. 

9. The pharmaceutical composition of Claim 8 for use in the treatment of AIDS, in the prevention of infection 
by HIV, in the treatment of infection of HIV, or in the inhibition of HIV protease. 

10. The use of a compound as claimed in claim 1 for the manufacture of a medicament for the treatment of 
AIDS. 

11. The use of a compound as claimed in claim 1 for the manufacture of a medicament for the prevention or 
treatment of infection by HIV. 

12. The use of a compound as claimed in claim 1 for the manufacture of a medicament for the inhibition of 
HIV protease. 
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